Background {#Sec1}
==========

Follicular nodular hyperplasia (FNH) \[[@CR1], [@CR2]\] is a benign lesion of the liver that is often incidentally discovered during abdominal imaging \[[@CR1]\]. FNH has no malignant potential and is most commonly seen in female patients of reproductive age, a fact that has been associated with the use of oral contraceptives \[[@CR3]\]. Although FNH is mostly clinically inapparent, rapid growth might lead to symptoms, especially upper abdominal pain. Patients with rapid progressing FNH therefore are usually candidates for surgical referral. Resection of the lesion is indicated to release symptoms and to exclude the presence of hepatic adenoma, a precancerous lesion with morphologic similarities to FNH.

Besides surgical resection, less invasive interventional techniques have been used to manage liver tumors \[[@CR4]\]. A major advantage of less invasive techniques is the low risk of complication in comparison to the risk of complication following surgical resection. Transarterial embolization (TAE) represents a standard interventional technique for the management of hepatic lesions \[[@CR5]\]. Hepatic tissue sublimation (change of physical state from solid to gas) has so far not been reported as a sequela of TAE. This to the best of our knowledge is the first report of tissue sublimation following TAE.

Case presentation {#Sec2}
=================

A 30 year-old male patient was referred to our tertiary surgical department with progressive pain to the upper abdomen. A hepatic mass was diagnosed 9 months previously. Fine needle biopsy confirmed the mass to be an FNH. At that time "watchful waiting" was recommended. A mass could be palpated in the right upper quadrant during physical examination. Blood chemistry including liver enzymes were within normal limits. A large mass was seen in the right liver lobe during ultrasound (US) \[[@CR6]\]. Magnetic resonance imaging (MRI) confirmed a 10 × 11 cm mass in the right liver lobe (Fig. [1](#Fig1){ref-type="fig"}) with a significant increase in size compared to the MRI findings about 9 months earlier. A contrast enhanced computed tomography (ct) with angiography was ordered to better study the proximity of the mass to the large liver vessels (Fig. [2](#Fig2){ref-type="fig"}). The case was discussed at the interdisciplinary board. The risk of complications following surgical resection was deemed high due to the proximity of the mass to the central hepatic vessels. TAE was favored. TAE was performed by an experienced interventional radiologist using Embazene® microspheres as reported elsewhere \[[@CR7]--[@CR9]\] (Fig. [3](#Fig3){ref-type="fig"}). Routine Ct on post-interventional day one was within normal limits (Fig. [4a & b](#Fig4){ref-type="fig"}). The patient developed pain to the right upper quadrant on day two following TAE with fever (39 °C axillar). The right upper quadrant was tender on palpation. Blood chemistry revealed elevated liver enzymes: bilirubin 1.22 mg/dl (normal limit: 1.2 mg/dl), GOT: 1692 U /l (normal limits 10--50 U/L), GPT: 1569 (normal limits: 10--50 U/l), GGT 165 (normal limits: 0--66 U/l), AP 558 (normal limits: 0--98 U /l). Inflammatory markers were also elevated: white blood count (WBC): 21.1/ nl (normal limits 4--12/nl) and c-reactive protein (CRP): 16 mg /dl (normal limits: 0--0.5 mg/dl). Acute cholecystitis was suspected on abdominal ultrasound. A ct scan was ordered to exclude post-interventional complications. Acute cholecystitits was confirmed on ct. Besides, a large volume of gas was found at the FNH site (Fig. [5a & b](#Fig5){ref-type="fig"}) without an abscess formation. The patient was placed on intravenous broadband antibiotics and closely monitored. Symptoms and blood chemistry normalized so that the patient was discharged 12 days after TAE. Follow-up continued in out-patient center. The gas formation was completely resorbed 3 weeks later (Fig. [6a & b](#Fig6){ref-type="fig"}). Cholecystectomy was performed 6 weeks after TAE. Histopathology of the removed gallbladder showed signs of chronic cholecystitis.Fig. 1T1 weighted MRI showing a 10 × 11 cm mass in the right liver lobe Fig. 2Ct scan. Note the close proximity to the central hepatic vasculature (*arrow*) Fig. 3Transarterial embolization Fig. 4**a** & **b** Ct scan on day one following TAE Fig. 5**a** & **b** Ct scan on day two after TAE. Note the gas collection (*red arrows*) without signs of abscess formation Fig. 6**a** & **b**: Ct scan 3 weeks after TAE showing a complete gas resorption

Discussion and conclusion {#Sec3}
=========================

Follicular nodular hyperplasia is estimated to constitute close to 8% of all primary hepatic masses and is the second most common benign liver neoplasm after hemangioma \[[@CR1]\]. FNH occurs in both sexes and at all ages with a female predominance. Its prevalence has been shown to be high in females on oral contraceptive. FNH in male patients is usually singular, smaller and atypical compared to findings in female patients \[[@CR1]\].

In most cases, FNH is clinical silent and is usually diagnosed incidentally during routine abdominal ultrasound. However, clinical symptoms, mostly mild pain or discomfort in the upper abdomen as well as a palpable abdominal mass might be present. The diagnosis is usually suspected following abdominal imaging via US, CT or MRI \[[@CR3], [@CR10]--[@CR12]\]. FNH might be difficult to differentiate from other hepatic lesions based on imaging alone. Lesions like hepatic adenoma and telangiectasia represent the most common differential diagnoses \[[@CR13]\]. Such entities, especially hepatic adenoma, a precancerous liver tumor must be differentiated from the benign FNH \[[@CR1], [@CR2]\]. This is achieved via histopathology following ultrasound guided fine needle biopsy \[[@CR12]\].

Considering the benign natural history of FNH with rare acute complications and lack of malignant potential, asymptomatic cases should be conservatively managed. Surgical resection or interventional management should therefore be reserved for cases with doubtful histology or persistent symptomatic \[[@CR14], [@CR15]\].

Transarterial embolization is a well-established procedure in the management of hepatic lesions. TAE was initially used by Doyon and colleagues to manage hepatocellular carcinoma in 1974 \[[@CR16]\]. Nowadays, TAE is frequently used for the management of unresectable hepatic tumors. Post-interventional complications especially hepatic failure, intraperitoneal rupture and profuse hemorrhage have been reported in association with TAE \[[@CR17]\]. Tissue sublimation however, has so far not been reported as a possible complication of TAE. Herein we report the first case of hepatic tissue sublimation following TAE for a large FNH of the right liver lobe.

The 30 year - old patient presented with upper abdominal pain due to a rapid progressing mass in the right liver lobe. Fine needle biopsy had confirmed the mass to be an FNH. The risk of morbidity following surgical resection was deemed very high for this benign lesion. Thus TAE was favored. This was performed without any peri-procedural complications. Routine ct control on post-interventional day one was within normal limits. Pain to the right upper quadrant with fever and elevated inflammatory markers and liver enzymes prompted imaging via US and ct on day two following TAE. A reduction of the follicular nodular hyperplastic mass was documented on ct scan. Besides, a large gas collection without abscess formation was also seen on ct. The lack of abscess as a possible source of the gas raises the question if sublimation of hepatic tissue had occurred following TAE.

The patient was managed conservatively with intravenous broadband antibiotics, bowel rest and pain medication and was closely monitored with serial ultrasound, blood chemistry and physical examination. No invasive or interventional treatment was warranted due to prompt symptom relief and normalization of both inflammatory markers and hepatic enzymes.

An alternative management could have been surgery or interventional placement of a drain into the gas formation. These options were quickly discarded due to the benign course of this complication. Besides, both alternatives would have created a communication between a potentially aseptic intrahepatic milieu and a septic extra-peritoneal environment thereby increasing the risk of infectious and septic complications.

The mechanism behind this change of state is yet to be understood. The fact that TAE was performed with standardized dosage virtually excludes a dose-dependent complication. Equally, a direct procedure-related explanation for this phenomenon could not be provided.

Gas collection as a sign of abscess formation could have explained this finding. This thesis was improbably for two reasons: first the early onset of gas formation (2 days post TAE) and second the lack of fluid collection (abscess) at TAE site argue against this thesis. However, the good response to broadband antibiotics might argue for an optimally controlled bacterial superinfection by gas building bacteria.

The symptoms: pain to the right upper quadrant, elevated liver enzymes, elevated inflammatory markers in blood and fever leading to imaging on day two after TAE are typical for acute cholecystitis. An alluring hypothesis in this situation would see acute cholecystitis as a sequela of TAE due to the close proximity of the gallbladder to the FNH. This being the case, it remains questionable if this complication would have been discovered in the absence of these symptoms. Nevertheless, the question remains whether or not the symptoms and changes in blood chemistry could have been secondary to TAE or both.

The patient was discharged 12 days after TAE. Follow-up continued at our out-patient services. The gas was completed resorbed in the course of follow -- up within 3 weeks. Cholecystectomy was performed 6 weeks after TAE.

Tissue sublimation following TAE has hardly been reported in medical literature. Conservative management with pain medication, bowel resting and broadband antibiotics constitute first line treatment. Surgical or interventional management should be reserved for complicated cases.
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